Abstract-The overall distortion of semilogarithmic A-law quantizer is influenced by its support region, as well as parameter A. Current solutions require numerical determination of optimal support region and larger processing time, i.e. simple closed-form solutions for finding optimal values of these two parameters are not provided. In this paper, iterative and closed-form solutions for determination of the support region of semilogarithmic A-law quantizer for Laplacian source, unite variance and a set of bit-rates 6 bits/sample−10 bits/sample are proposed. The performance of proposed solutions is compared to the optimal numerical results.
I. INTRODUCTION
The constant development and growth of communication networks created a need for further research in the area of speech coding, in order to provide faster and better speech signal transmission quality. Also, compression efficiency is very important while considering energy assumption in the modern systems [1] . Although G.711 standard, which defines Pulse-Code Modulation (PCM), was adopted back in 1972 [2] , it was actively amended in 2009 [3] .
Companding quantizers represent an important digitization tool, since they are able to achieve near-constant quality of reconstructed signal for a wide range of input signal's variances, when quantizing non-stationary signals.
The reconstructed signal quality obtained by using such technique is not very sensitive to changes of statistical parameters of the input signal and this is achieved by introducing logarithmic compression function. However, this idealization is very hard for exact implementation. By now, different modifications of logarithmic function, practically applicable, have been developed. Two solutions have been standardized in G.711: semilogarithmic compressor function, widely known as A-law (applied in Europe) and quasilogaritmic compressor function, widely known as µ-law (applied in USA and Japan) [4] . The quality of quantization is measured by calculating distortion value or signal-to-quantization-noise ratio (SQNR). These measures are highly dependent on the number of quantization levels and the width of quanitizer's support region [4] , [5] .
While the number of quantization levels depends directly on the desired bit-rate, determination of optimal support region is much more complex. The significance of support region for Laplacian source and optimal compandor was already discussed in [6] , [7] . Furthermore, analysis and determination of support region for quasilogarithmic quantizers and the same source were presented in [8] . It can be noticed that optimal design is usually performed for the unite variance [8] , whereas the more complex solutions incorporate adaptation [9] or dual-stage quantization [10] . Moreover, support region represents an important design parameter of vector quantizers, as well as quantizers exploited for other signal sources such as Gaussian, Rayligh and Gamma.
In this paper, we provide an iterative and a closed-form solutions for support region determination of A-law semilogarithmic quantizer for Laplacian source and a set of bit-rates 6 bits/sample−10 bits/sample. It was shown that differences between the proposed solutions for finding optimal parameters and numerically obtained optimal solution are almost negligible.
The paper is organized as follows. In the chapter two, Alaw quantizer is described and its distortion is presented. The third chapter features the optimal numeric values for the support region threshold, as well as the A constant. In the fourth chapter, the proposed iterative and closed-form solutions are presented and compared with numerical results. Lastly, the conclusions and further research aims are stated.
II. DESIGN OF SEMILOGARITHMIC A-LAW QUANTIZER
Semilogaritmic compressor function consists of linear and logarithmic part and it is given with the following equation Parameter xmax represents maximal allowed amplitude of quantizer, i.e. support region, while parameter A impacts the border between linear and logaritmic parts and its value is adopted to be 87.6 in PCM telephone systems in Europe [4] .
In the rest of the paper, it will be assumed that amplitudes of the input signal are represented by Laplacian probability density function (PDF), which is a good representation for speech samples [ 
For simplicity, it will also be assumed that the value of parameter σ, i.e. standard deviation, is 1.
The overall distortion is given as a sum of granular and overload distortion
Granular distortion can be represented as the sum of 
Solving the equations, the final expressions are:
Overload distortion is given by the following expressions: (3), (6), (7) and (9) . Values giving smallest distortion are considered as optimal and they are presented in Table I , whereas SQNR is calculated using the following equation 2 10 log .
In Fig. 1 , maximal SQNR ratio is shown for a various values of parameter A and the total number of quantization levels N, using numerically obtained optimal values of support region and unite variance  
IV. ITERATIVE PROCEDURE FOR FINDING SUPPORT REGION
The optimal support region value could be determined by finding a point in which partial derivative of the total distortion is equal to zero, i.e. by solving max 0.
However, the solution from (11) is not a closed-form. One of the possible general approaches for solving this equation is by finding a suitable iterative function [11] . By solving (11) , it can be seen that a few solutions can be formed. However, as the main goal is to provide a simple solution which converges quickly, we propose a solution of a form ( 1) 
Since it could be expected that optimal support value depends on both, the number of quantization levels and the parameter A, our goals include determination of optimal initial value for iterative procedure, denoted with the case of A = 20 considering it as a near-optimal for a discussed set of bit-rates. By observing Fig. 2 , it can be unambiguously seen that for all observed system configurations near-optimal SQNR value is achieved after the first iteration. However, it should be noted that SQNR is strongly dependent on the choice of initial value, in x , of iterative procedure. For values 8
near-optimal SQNR is achieved without applying iterative algorithm. This feature is discussed in the rest of the paper in order to provide the closed-form solution defined with following equation
In the process of proposing the closed-form solution, we have excluded parameter C1 from (12), as the results are not highly-dependent.
System performance for initial values of optimal support region, 8 in x  and 10 in x  , is shown in Table I and   Table II , respectively. The system performance is provided for various values of parameter A and number of quantization levels N. Besides the performance of the proposed system, we have also shown the results obtained numerically for the optimal support region.
As the second measure of quality, we have observed relative errors between optimal support region and the proposed one, as well as between corresponding values of SQNRs, which are defined as follows: Data presented in Table I and Table II suggest that the required number of iterations (NoI) for activating previously defined stop-criterion is lower in the case of 10
Moreover, calculated relative errors show that the average relative errors of the observed configurations are less in all cases for the optimal support determination using 10
Furthermore, the obtained results for SQNR are very close to the optimal solution which exploits numerically determined max x . The average relative errors between SQNR of the proposed system (both iteratively determined and exploiting closed-form solution) and the optimal solution are much less than 0.1 % which is almost negligible. Taking into consideration previous discussion, it could be summed up that the case of 10 in x  provides more precise results for both iterative and closed-form determination. Based on that, we propose a closed-form solution for determination of the support region of semilogarithmic A-law quantizer for Laplacian source for a set of bit-rates 6 bits/sample−10 bits/sample (which corresponds to the set of 64−1024 quantization levels) 
V. CONCLUSIONS
In this paper, performance of semilogarithmic quantizer for Laplacian source was analysed. The analysis is performed for a set of values of the parameter A (10, 20, 50 and 87.6) and the set of bit-rates (6 bits/sample−10 bits/sample). The main contributions of the paper include proposing iterative solution for determining optimal support region as well as the asymptotic formula as a closed-form solution based on the analysis of the performance of iterative formula. The accuracy of the proposed solutions is compared with the optimal numerical solution using both relative errors between achieved SQNRs and support region values. It was demonstrated that the average relative errors between achieved SQNRs and the optimal solution are much less than 0.1 %, which can be considered as negligible and satisfactory for practical implementations.
